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(54) Apparatus for and method of controlling an internal combustion engine 



(57) The invention relates to a spark-ignition internal 
combustion engine comprising a combustion chamber, 
a fuel injection means (13) for injecting fuel, an air 
amount control means (28) for controlling intake air 
amount into a combustion chamber (7), an ignition 
means (1 4) for igniting the mixture of air and fuel in said 
combustion chamber (7) and an engine controlling 
means (5) coupled to said fuel injection means (13), said 
air amount control means (28) and said ignition means 



(14), respectively, wherein said engine controlling 
means (5) has a first control mode in which an engine 
torque is changed when an air/fuel ratio is varied and a 
second control mode in which the engine torque is 
changed by controlling a throttle valve (22) while main- 
taining a substantially fixed air/fuel ratio, the engine 
torque in the second control mode is smaller than a pre- 
determined value and the engine torque in the first mode 
is larger than said predetermined value. 
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Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 5 

[0001] This invention relates generally to a spark-ig- 
nition internal combustion engine, and more particularly 
to an apparatus for and a method of controlling a spark- 
ignition internal combustion engine of the type in which 10 
fuel is injected directly into a cylinder. 

RELATED ART 

[0002] There is known a conventional system (Japa- is 
nese Patent Unexamined Publication No. 2-153257) in 
which fuel is injected directly into a cylinder by use of 
the air pressure. A conventional diesel engine utilizes a 
stratified combustion, and therefore the maximum out- 
put or power is low although the fuel consumption under 20 
a partial load is enhanced. On the other hand, a con- 
ventional gasoline engine has a drawback that although 
the maximum output or power is high because of a 
premixture combustion, the fuel consumption under a 
partial load is worsened because of a pumping loss. 25 
[0003] EP-A-539,921 discloses a control device for an 
internal combustion engine in which a fuel feeding unit 
feeds a part of an amount of fuel to be injected during 
an intake stroke to form an air-fuel premixture. The re- 
maining part of the amount of fuel to be injected is fed 30 
during a compression stroke to form an air-fuel mixture 
around the spark plug for ignition. 



SUMMARY OF THE INVENTION 
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[0004] It is an object of this invention to provide an 
internal combustion engine, in which the fuel consump- 
tion is lowered while maintaining a high output and ob- 
taining an improved exhaust cleaning effect. 
[0005] The object is solved according to the features 40 
of the independent claim. The dependent claims show 
advantageous embodiments of the invention. 
[0006] In order to overcome the above problem of the 
prior art, under a partial load, an ignition source is pro- 
vided in the vicinity of a fuel injection valve, and after 45 
the fuel is injected, the mixture is ignited, and a resulting 
flame is caused by a spray of the fuel to spread into a 
cylinder, thereby effecting a stratified combustion. On 
the other hand, when the load increases, so that soot 
and so on are produced in the stratified combustion, the so 
fuel injection is effected a plurality of times in a divided 
manner, and a premixture is produced within the cylin- 
der by the former-half injection, and a flame, produced 
by the latter-half injection, is injected into the cylinderto 
burn this premixture. Thus, the premixture is burned in ss 
a short period of time. Advantageously, when changing 
the gear ratio of a transmission, the amount of the fuel 
is changed so that a step will not develop in a torque. 



[0007] When the amount of injection of the fuel is 
small as in a partial-load operation, the initiation of the 
injection and the ignition timing can be relatively close 
to each other, and therefore the fuel is not so much 
spread within the cylinder, and the combustion (stratified 
combustion) takes place in a relatively narrow range. In 
accordance with the increase of the load, the initiation 
of the injection is made earlier, so that the range of for- 
mation of the mixture (premixture) increases, and a 
premixture combustion takes place, thereby increasing 
the produced torque. 

[0008] The fuel is injected into the combustion cham- 
ber of the engine by a fuel injection valve having a port 
(opening) therein and therefore the fuel will not deposit 
on an intake manifold and other portions, and the speed 
of inflow of the fuel is high, and the engine torque can 
be controlled with a good response. The air/fuel ratio 
can be set to a large value, and therefore a throttle vaive 
opening degree can be increased to reduce a pumping 
loss, thereby enhancing a fuel consumption. Moreover, 
since the air/fuel ratio can be increased, the amount of 
CO and HC in the exhaust gas can be reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] 

Fig. 1 is a view of a control system according to a 
first embodiment of the present invention; 
Fig. 2 is a vertical cross-sectional view of a com- 
bustion chamber; ■ 

Fig. 3 is a diagram showing the correlation between 
. the air/fuel ratio A/F and HC in exhaust gas, as well 
as the relation between A/F and NOx in the exhaust 
gas; 

Fig. 4 is a vertical cross-sectional view of a com- 
bustion chamber as in Fig. 2, but showing a second 
embodiment of the invention; 
Fig. 5 is a chart showing a fuel injection timing; 
Fig. 6 is a flow chart for the calculation of a fuel in- 
jection time; 

Fig. 7 is a block diagram of a fuel pressure control 
device; 

Fig. 8 is a view showing an EGR control system; 
Fig. 9 is a diagram showing a construction for con- 
trolling airflow; 

Fig. 10 is a time chart showing the operation of an 
intake valve; 

Fig. 11 is a perspective view showing rocker arms; 
Fig. 12 is a map diagram for selecting a cam in con- 
nection with the relation between an engine speed 
and an accelerator opening degree; 
Fig. 1 3 is a map diagram for selecting a cam in con- 
nection with the relation between the engine speed 
and an engine torque; 

Fig. 14 is a diagram showing the correlation be- 
tween the air/fuel ratio A/F and the engine torque; 
Fig. 15 is a diagram showing the correlation be- 
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tween the fuel amount and the engine torque; 
Fig. 1 6 is a block diagram of apparatus for control- 
ling the fuel injection amount; 
Fig. 1 7 is a block diagram of a control for air/fuel 
ratio; 

Fig. 18 is a map diagram showing the relation be- 
tween the target air/fuel ratio and the engine torque; 
Fig. 19 is a diagram showing the correlation of a 
throttle valve opening degree with the engine speed 
and the intake air amount; 
Fig. 20 is a block diagram showing one control sys- 
tem if the air/fuel ratio is above a particular ratio; 
Fig. 21 is a block diagram showing another control 
system if the air/fuel ratio is above a predetermined 
ratio; 

Fig. 22 is a top plan view showing the construction 
of a cylinder gasket of an engine according to the 
invention; 

Fig. 23 is a vertical cross-sectional view of the con- 
struction of Fig. 22; 

Fig. 24 is a view showing use of the invention with 
a catalyser and supercharger; 
Fig. 25 is a diagram' showing the correlation be- 
tween a required torque and an engine torque; 
Fig. 26 is a diagram showing the correlation be- 
tween a throttle valve opening degree and the re- 
'quired torque; 

Fig. 27 is a diagram showing the correlation be- 
tween the required drive torque and the gear posi- 
tion; 

Fig. 28 is a diagram showing the correlation be- 
tween a vehicle speed and the engine torque; 
Fig. 29 is a flow chart for the control of a transmis- 
sion and the engine; 

Fig. 30 is a diagram showing the correlation be- 
tween an accelerator opening degree and the re- 
quired drive torque; 

Fig. 31 is a diagram showing the correlation be- 
tween the accelerator opening degree and the ve- 
hicle speed; 

Fig. 32 is a diagram showing the correlation be- 
tween the engine speed and the engine torque; 
Fig. 33 is a diagram showing the correlation be- 
tween the engine speed and the engine torque; 
Fig. 34 is a time chart showing the change of the 
engine torque and the throttle valve opening degree 
with time; 

Fig. 35 is a control block diagram which may be, 
used in this invention; 

Fig. 36 is a time chart showing the change of the 
fuel amount and the vehicle acceleration with time; 
and 

Fig. 37 is a time chart showing the change of the air 
amount, the fuel amount and the vehicle accelera- 
tion with time. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0010] Fig. 1 shows the construction of a control sys- 

5 tern according to a first embodiment of the invention. Fu- 
el is fed from a fuel tank 1 to a fuel pump 2, and the fuel 
is pressurized by this pump 2. A pressure sensor 3 de- 
tects the pressure of the pressurized fuel, and feeds a 
pressure signal to a control circuit 5. The control circuit 

10 5 compares the fuel pressure with a predetermined tar- 
get value, and if the fuel pressure is higher than this pre- 
determined value, a spill valve 4 of the fuel pump 2 is 
opened to control the fuel pressure to the target pres- 
sure. The pressurized fuel is fed to a fuel injection valve 

'5 1 3. A signal (torque signal) intended by the driver is fed 
from an accelerator pedal 19 to the control circuit 5. In 
response to this signal, the control circuit 5 calculates 
an amount of one injection, taking a signal from an en- 
gine speed sensor 10 into account, and feeds a signal 

20 to an injection valve drive portion 20 of the fuel injection 
valve 13. As a result, the fuel injection valve 13 is 
opened to inject the fuel into a combustion chamber 7. 
The timing of injection of the fuel and the amount of in- 
jection (injection time) at this time are optimally deter- 

25 mined by the control circuit 5. A signal is fed from the 
control circuit 5 to an ignition circuit 22 at an optimum 
timing, and a high voltage is produced by the ignition 
circuit 22, and is fed to an ignition plug 14, so that the 
ignition plug 14 produces a spark to ignite the fuel in- 

30 jected into the combustion chamber 7. The pressure 
within the combustion chamber 7 increases, and acts 
on a piston 9 to impart a rotational force to a crankshaft 
1 6, and tires 1 8a and 1 8b are driven through a trans- 
mission 1 5 and a differential gear 1 7, thus causing a ve- 

35 hide to travel. With respect to the torque produced by 
an engine 6, the combustion pressure within the com- 
bustion chamber 7 is detected by a pressure sensor 8, 
and is fed to the control circuit 5, and is compared with 
the signal of the accelerator pedal 1 9 intended by the 

40 driver. The result of this comparison is reflected on the 
next or subsequent fuel injection in the cylinder. An 
amount of the air in the engine 6 is measured by an air 
amount sensor, and the flow rate of the air is controlled 
by a throttle valve. The air is also controlled by a swirl 

45 control valve 28, provided in an intake manifold 27, so 
that a suitable turbulence can be formed in the cylinder. 
A valve lift of an intake valve 12 is controlled by a valve 
lift control device 1 1 . Combustion gas is discharged from 
an exhaust valve 21 . 

50 [0011] The first embodiment of the present invention 
will now be described with reference to Fig. 2 which is 
a vertical cross-sectional view of the combustion cham- 
ber. The fuel injection valve 13 and the ignition plug 14 
are provided at an auxiliary combustion chamber 23 

55 formed at an engine head 25. With respect to the posi- 
tional relation between the fuel injection valve 13 and 
the ignition plug 14, it is preferred that the ignition plug 
14 be disposed downstream of the spray emitted from 
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the fuel injection valve 13. With this arrangement, a 
flame core produced by the ignition plug 14 is liable to 
be spread by the spray to the combustion chamber 7 
and a cavity 24 formed in the piston 9. However, if the 
ignition plug 14 is disposed too close to the spray, the s 
ignition plug 14 gets wet with the spray, so that an in- 
complete ignition may be caused. Therefore, it is impor- 
tant to properly determine the above positional relation. 
By throttling an outlet portion 26 of the auxiliary com- 
bustion chamber 23, the speed of injection or jetting-out 10 
of the flame core can be adjusted. In this case, if the 
throttling is excessive, a pressure loss develops, so that 
the heat efficiency is lowered. 
[0012] Fig. 3 shows the relation between the air/fuel 
ratio A/F and the exhaust gas (HC, NOx). When the fuel 15 
injection timing is a crank angle of 90°, the peak value 
of NOx is obtained when A/F is nearly 1 6. Such a change 
in the amount of discharge of NOx tends to be seen in 
a uniform mixture. The reason is that when the fuel in- 
jection timing is a crank angle 90° or up to an interme- 20 
"diate stage of the intake stroke, the injection spray 
spreads out over the entire area in the cylinder because 
of flows of the air within the cylinder which flows are 
caused by the movement of the piston and the intake 
operation. As the injection timing defined by the crank 25 
angle becomes greater, the air/fuel ratio, at which the 
peak value of NOx is obtained, becomes larger. At the 
same time, the production of NOx becomes gentle. Also, 
the amount of discharge of HC varies. Comparing the 
injection timing 90° with the injection timing 180°, the 30 
amount of HC at the injection timing 90° at A/F of nearly 
1 5 is 3,800 ppmC while the amount of HC at the injection 
timing 1 80° at A/F of nearly 1 5 is 6,500 ppmC. The rea- 
son why the amount of HC thus differs at the same air/ 
fuel ratio is that the air/fuel ratio at the region where the 35 
combustion is effected is different. Namely, the air/fuel 
ratio at the region where the combustion is actually ef- 
fected at the injection timing 1 80° is smaller. Therefore, 
when the air/fuel ratio increases, a combustion failure 
(extinction or flame-out) occurs at the injection timing 40 
90° at the smaller air/fuel ratio. The reason why the air/ 
fuel ratio, enabling a stable combustion (the amount of 
HC does not increase), increases with the increase of 
the injection timing is that the increased fuel injection 
timing approaches the ignition timing, so that the fuel 45 
becomes less liable to spread, thus providing the strat- 
ified mixture. By thus selecting the injection timing, the 
uniform mixture and the stratified mixture can be formed 
freely. Therefore, when the engine torque is small, the 
injection timing is increased to be brought near to the so 
ignition timing. As the torque increases, the injection tim- 
ing is decreased to bring the mixture close to a uniform 
one. 

[0013] Fig. 4 shows a vertical cross-sectional view of 
a combustion chamber of a second embodiment. In this ss 
embodiment, a fuel injection valve 13 is projected into 
the combustion chamber 7, and an injection port is so 
formed that the fuel can spread widely within a cylinder. 



In this case, when the fuel is injected when a. piston is 
lowered to a point near to a bottom dead center, the fuel 
impinges directly on a wall surface of the cylinder to form 
a wall flow. In this condition, a good combustion can not 
be expected. Therefore, where the injection valve in- 
jects a wide spray, the fuel need to be injected at such 
a timing that a cavity 24 is disposed near to an upper 
dead center, and that the fuel can be blown into the cav- 
ity 24. For example, the injection of the fuel can be ef- 
fected a plurality of times in a divided manner, as shown 
in Fig. 5. An early injection is effected at a crank angle 
of nearly 0° to form a uniform mixture. A combustion in- 
itiator is produced by a late injection effected at a timing 
near the ignition timing, and the uniform mixture pro- 
duced by the early injection is rapidly burned thereby. 
The injection amount can be adjusted by any of the late 
injection and the early injection, and therefore the injec- 
tion can be effected in the optimum condition. In the 
case where the injection is thus divided into the two in- 
jections (that is, the early injection and the late injection), 
the effect can be obtained also with the injection valve 
(Fig. 2) having a small injection angle. 
[0014] Fig. 6 shows a flow chart for calculation of the 
fuel injection time in the case where the early injection 
and the late injection are effected. In Step 101, an ac- 
celerator opening degree a and an engine speed Ne are 
read. At this time, if the air amount is measured, the air 
amount Qa may be also read. In Step 102, the fuel 
amount Qf is calculated. In Step 1 03, Qf > Qf 1 is judged. 
If the judgment result is "NO", the program proceeds to 
Step 1 09 in which the injection time Tp2 is calculated by 
adding an invalid injection amount Qx to Qf. In Step 1 1 0, 
the fuel for Tp2 is injected at the timing of the late injec- 
tion, and the program is finished. If the judgment result 
in Step 1 03 is "YES", the program proceeds to Step 1 04 
in which Of2 is calculated by subtracting a minimum in- 
jection amount QfO from Qf. In Step 105, the injection 
time Tp1 is calculated by adding the invalid injection 
amount Qx to Qf2. The fuel for Tp1 is injected at the 
timing of the early injection. In Step 107, Tp2 is calcu- 
lated by adding Qx to QfO, and the fuel for Tp2 is injected 
at the timing of the late injection. Thus, for each of the 
early and late injections, it is necessary to add the invalid 
injection amount Qx. 

[0015] Fig. 7 shows a control system for controlling 
the fuel pressure. Fuel for the fuel pump 2 is fed from 
the fuel tank 1 . The fuel pump 2 is driven by a motor 30, 
and the pressurized fuel is fed to a high-pressure pipe 
34. Injection valves 13a to 13d, an accumulator 33, the 
fuel pressure sensor 3, and a relief valve 32 are mount- 
ed on the high-pressure pipe 34. Gas is sealed as a 
damper in the relief valve 33, and when the fuel pressure 
increases, the fuel flows into the accumulator 33. When 
the pressure decreases, the accumulator 33 discharges 
the fuel into the high-pressure pipe 34. When the fuel 
pressure becomes unduly high, the relief valve 32 al- 
lows the fuel to flow therethrough, thereby preventing 
the pressure increase. The fuel pressure sensor 3 feeds 
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a signal, proportional to the pressure, to the control cir- 
cuit 5, and in response to this signal, the control circuit 
5 feeds a signal to the electromagnetic spill device 4 to 
control the discharge amount of the fuel pump 2, thereby 
controlling the fuel pressure. Also, in response to the 5 
signal from the pressure sensor 3, the control circuit 5 
feeds a signal to a controller 31 of the motor 30 to control 
the rotational speed of the fuel pump 30, thereby con- 
trolling the fuel pressure. In this embodiment, although 
the electromagnetic spill device 4 and the controller 31 
are both provided, the fuel pressure can be controlled 
by one of them. However, in the case where the fuel 
pump 2 is driven by the engine, only the electromagnetic 
spill device 4 is used for this purpose since the motor 
30 is not provided. 

[0016] Fig. 8 shows a control system diagram of EGR. 
The air enters the engine 6 through an airflow meter 35, 
a throttle valve 37 and the intake manifold 27, and is 
discharged as exhaust gas to exhaust pipe 41 . A cata- 
lyzer 39 is provided in the exhaust pipe 41 . Here, when 
EGR becomes necessary, the control device 5 feeds a 
signal to an EGR valve 38 to open the same. The control 
device 5 also feeds a signal to a throttle valve actuator 
36 to close the throttle valve 37 to thereby reduce the 
pressure of the intake manifold 27 to a level lower than 
the atmospheric pressure. As a result, the exhaust gas 
flows from the exhaust pipe 41 to the intake manifold 27 
through the EGR valve 38 in proportion to the negative 
pressure of the intake manifold. The rate of flow of the 
exhaust gas at this time is proportional to the negative 
pressure of the intake manifold, and therefore the pres- 
sure of the intake manifold is detected by an intake man- 
ifold pressure sensor 40, and a signal is fed from this 
sensor 40 to the control device 5, and the degree of 
opening of the throttle valve 37 is adjusted by the throttle 
valve actuator 36. By controlling the degree of opening 
of the throttle valve 37, the pressure of the intake man- 
ifold 27 can be controlled, and the EGR amount can be 
accurately controlled by a feedback control. 
[0017] Fig. 9 shows apparatus for controlling the air 
flow. The air is controlled by a throttle valve 213, and is 
drawn into an engine through an intake manifold 21 4. A 
lift of an intake valve 208 can be changed by switching 
cams 203 of different shapes. The switching of the cams 

203 is effected by switching rocker arms 210 by a hy- 
draulic control valve 202. The hydraulic control valve 
202 is operated, for example, by a solenoid. The degree 
of opening of the throttle valve 213 is controlled by a 
motor 21 2. A sensor 220 for detecting a pressure within 
a cylinder is mounted on the engine. An injection valve 

204 for injecting the fuel directly into the cylinder is 
mounted on the engine. A sensor 205 for detecting the 
air/fuel ratio of exhaust gas is mounted on an exhaust 
pipe. A catalyzer is also provided in the exhaust pipe. 
Preferably, the catalyzer or catalyst is of a type which 
can remove NOx even when an excessive amount of 
oxygen is present. Also, function of a three-way catalyst, 
which can remove HC, CO and NOx at the same time 
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under the condition of a stoichiometric air/fuel ratio, is 
needed. Part of the exhaust gas is controlled by valves 
215 and 218 which control the flow rate in the exhaust 
pipe. With this arrangement, the combustion tempera- 
ture is decreased, thereby reducing the amount of NOx. 
These control valves are controlled by a control device 
201 . In order to reduce the fuel consumption, it is pre- 
ferred that the pressure within the intake manifold be 
reduced to a level close to the atmospheric pressure, 
thereby reducing a pumping loss. For this purpose, the 
throttle valve 213 is fully opened as much as possible. 
However, in the case where the exhaust gas is recircu- 
lated through a pipe 216, it is necessary that the pres- 
sure within the intake manifold should be lower than the 
pressure within the exhaust pipe, and therefore the 
throttle valve is closed. 

[0018] Fig. 10 shows the operation of the third embod- 
iment of the present invention. According to the operat- 
ing conditions, the lift of the intake valve cam is changed, 
as shown in Fig. 10. When a large amount of the air is 
required, the lift of the intake valve is set as at A. When 
the amount of the air is small, the lift of the intake valve 
is changed into a lift B or a lift C. By changing the lift, 
the overlap with an exhaust valve is also changed. Dur- 
ing a high-output or power operation, the period of over- 
lap between the exhaust valve and the intake valve is 
made longer. With this arrangement, the amount of the 
air can be changed by the lift of the intake valve. 
[0019] Fig. 1 1 shows one example of the construction 
of rocker arms 221 , 223 and 224 and cams 225, 226 
and 227. The rocker arm 223 and the cam 225 drive the 
intake valve for reciprocal movement. The rocker arm 
226 and the cam 224 are not fixed to each other, and 
are in a free condition. When switching the cams, the 
rocker arm 224 and the cam 226 drive the intake valve 
for reciprocal movement. The rocker arm 223 and the 
cam 225 are not fixed to each other, and are in a free 
condition. With this construction, the cams can be 
switched. In this example, although the lift of the cam is 
changed, the shape of the cam may be changed so as 
to control the valve opening timing and the valve closing 
timing at the same time. 

[0020] Fig. 12 shows a map for selecting the cam in 
connection with the degree of opening of an accelerator 
and the engine speed. In this example, the cam switch- 
ing can be effected in a three-stage manner. When the 
engine speed is low, with the accelerator opening de- 
gree kept low, a cam A for a small lift is selected. As the 
engine speed and the accelerator opening degree in- 
crease, the cam is sequentially switched to those pro- 
viding a larger lift. 

[0021] Fig. 13 shows a map for selecting the cam in 
connection with the engine torque and the engine 
speed. In this example, the cam switching can be effect- 
ed in a three-stage manner. The engine torque has tar- 
get torque values predetermined with respect to the ac- 
celerator opening degree. When the engine speed is 
low, with the engine torque kept small, a cam A for a 
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small lift is selected. As the engine speed and the engine 
torque increase, the cam is sequentially switched to 
those providing a larger lift. 

[0022] Fig. 14 shows a method of controlling the 
amount of the intake air when switching the air/fuel ratio 
A/F. When the full-opening of the throttle valve or the 
cam for a large lift is selected, the fuel amount increases 
with the decrease of the air/fuel ratio, so that the engine 
torque (output torque) increases. At the air/fuel ratio of 
around 1 6, the amount of discharge of NOx tends to in- 
crease, and therefore the air/fuel ratio is skipped from 
18 to 15. At this time, if the air/fuel ratio is switched to 
15, with the air amount kept intact, the amount of the 
fuel increases, so that the engine torque increases as 
at C. This gives a sense of difference or a feeling of 
physical disorder. Therefore, when switching the air/fuel 
ratio, the air amount is reduced to prevent the increase, 
of the fuel amount, and the engine torque is changed 
from A to B (Fig. 14), thereby reducing a shock. The air 
amount is adjusted by the throttle valve or by switching 
the cam. If this is effected by the throttle valve, the pres- 
sure within the intake manifold is decreased, thereby in- 
creasing the pumping loss. Therefore, preferably, this is 
done by switching the cam as much as possible. Also, 
when the engine torque decreases to such a level that 
the target engine torque is not achieved even if the air/ 
fuel ratio is not less than 70, the air amount is*adjusted 
by the cam or the throttle valve.' 
[0023] Fig. 15 shows the relation between the amount 
of the fuel and the engine torque (output torque). The 
engine torque can be increased by increasing the fuel 
amount, and therefore the engine torque can be control- 
led by the fuel amount. 

[0024] In Fig. 16 the amount Qf of injection of fuel is 
determined by an engine condition detection portion 301 
(which detects the conditions of an engine such as an 
accelerator opening degree a and an engine speed N) 
and a fuel injection amount calculation portion 302 
which calculates the amount Qf of injection of the fuel. 
In accordance with a charging efficiency map 303, the 
amount of the air of the engine is calculated at a portion 
304, and the air amount by each cam is determined, thus 
calculating the air/fuel ratio. It is judged at a portion 305 
whether or not the air/fuel ratio is within a combustible 
range. The cam is selected at a portion 306, and the 
degree of opening of a throttle valve is determined at a 
portion 307. If the air amount is excessive, the mixture 
becomes too lean, and therefore the cam is switched to 
one providing a smaller lift. In the injection within the 
cylinder, since the mixture within the cylinder is directly 
controlled, the limit of the lean mixture can be expanded 
as compared with a conventional intake port injection 
system, and therefore the range of the engine torque 
which can be controlled by the fuel amount is wider. 
Therefore, the engine torque can be controlled by the 
fuel amount without the need for finely controlling the air 
amount as in the conventional system. 
[0025] Referring to Fig. 1 7 an accelerator opening de- 



gree is detected by a detection means 311, and a target 
torque is determined by a calculation means 312. An 
amount of fuel is determined by a fuel amount calcula- 
tion means 313 in accordance with the target torque. If 
5 the air/fuel ratio is predetermined with respect to the en- 
gine torque (output torque) T at a portion 314, the air 
amount Qa can be derived. The air/fuel ratio is judged 
by a judgment means 31 6. If the air/fuel ratio is not less 
than 18, a throttle valve is fully opened, i.e. its opening 
10 degree 0th -> Gmax, at a portion 31 8, and the torque of 
the engine is detected by a torque detection means 31 9, 
and the fuel injection amount is controlled so that the 
target torque can be obtained. On the other hand, if the 
air/fuel ratio is less than 1 8, the air amount is controlled 
'5 by the throttle valve 321 so that the target air/fuel ratio 
can be achieved. The air amount is controlled, for ex- 
ample, by the throttle valve opening degree 0th or the 
lift by a cam, Here, the air amount may be detected by 
an air amount sensor 322 to control theair amount to a 
20 target value thereof. 

[0026] Fig. 1 8 shows a map of the target air/fuel ratio. 
The air/fuel ratio is decreased with the increase of the 
engine torque (output torque) T. However, at point B, the 
air/fuel ratio is switched to a point C in a manner to skip 
25 over the air/fuel ratio value 16. For further increasing the 
torque, the air/fuel ratio is reduced toward a point D. If 
the air/fuel ratio is further reduced, the mixture becomes 
too rich. Therefore, preferably, at this region, the air 
amount is detected, and the air/fuel ratio is controlled. 
[0027] Fig. 1 9 shows the relation of the throttle valve 
opening degree 0th with the engine speed N and the 
intake air amount Qa. For controlling the air amount by 
the throttle valve, the throttle valve opening degree is 
found from a map for the intake air amount. For effecting 
a more precise or fine control, the air amount is detect- 
ed, and a feedback is effected. 
[0028] Figs. 20 and 21 each show control arrange- 
ments if the air/fuel ratio is not less than 18 and, the 
mixture is so lean that the drivability and exhaust clean- 
ing effect may be lowered. Therefore, a combustion var- 
iation is detected, and a throttle valve opening degree 
or a cam lift are so set as to reduce the air amount. 
[0029] In Fig. 22 an electrode or terminal 234 is em- 
bedded in a cylinder gasket 231 of an engine, and a high 
voltage is applied thereto from an electrode or terminal 
232. Screw holes 233 are formed in the gasket. 
[0030] Fig. 23 is a vertical cross-sectional view of the 
portion of Fig. 22. A high voltage is applied across elec- 
trodes 238 and 239 from an ignition coil, thereby pro- 
ducing a spark discharge. With this arrangement, the 
mixture is ignited at a point near a cylinder wall surface 
and at other points as well, so that the combustion speed 
increases. Moreover, since the combustion is started 
adjacent to the wall surface, a so-called quench region 
near the wall surface is reduced, so that an amount of 
unburned hydrocarbon is reduced, and also a knocking 
is less liable to occur. Insulating layers 235 and 237 are 
provided on upper and lower surfaces of the gasket, re- 
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spectively. If the electrode 239 is an earth or ground 
electrode, the insulating layer 237 may be omitted. 
[0031] An embodiment of the present invention will 
now be described with reference to Fig. 24. The amount 
of the intake air is measured by an air flow meter 501 5 
mounted on an intake manifold. An engine speed is de- 
tected by a crank angle sensor 509. In accordance with 
the amount of the intake air into a cylinder, as weil as 
the engine speed, the amount of fuel is determined, and 
the fuel is injected into the cylinder by a fuel injection io 
valve 502. The air amount is controlled by a throttle 
valve 551 , connected to an accelerator wire, and a throt- 
tle valve 550 controlled by a motor. The air amount may 
be controlled only by the throttle valve 550; however, if 
the throttle valve 551 connected to the accelerator wire 1$ 
is provided, the air amount will not become excessive 
even in the event of an abnormal operation of the throttle 
valve 550. A catalyzer 506, which can oxidize CO and 
HC, and can reduce NOx in an oxidizing atmosphere, is 
. provided at an exhaust pipe 512. Therefore, even if ox- 20 
ygen is present in the exhaust gas as in a lean combus- 
tion, NOx can be reduced. The air/fuel ratio is detected 
by an air/fuel ratio sensor connected to the exhaust pipe, 
and it is examined whether or not a target air/fuel ratio 
is achieved. If the air/fuel ratio is more lean that the tar- 25 
get value, the fuel amount is increased. HC is required 
for reducing NOx in an oxidizing atmosphere, and the 
temperature of the catalyzer is so controlled that a max- 
imum cleaning efficiency of the catalyzer can be 
achieved. Therefore, the temperature of the catalyzer is 30 
detected by a temperature sensor 528, and the fuel in- 
jection amount and the ignition timing are so controlled 
that the target catalyzer temperature and HC can be ob- 
tained. A charging operation of a charger 514 can be 
controlled from the outside by a control device 508. The 35 
charging operation is effected during a deceleration, 
thereby recovering a deceleration energy. The amount 
of the intake air into the engine can be increased by a 
supercharger 511 . The operation of the catalyzer is also 
influenced by the oxygen concentration in the exhaust 40 
gas, and therefore an air introduction passageway 534 
is provided at an inlet of the catalyzer, and the air amount 
is controlled by a control valve 534. The air may be sup- 
plied by an air pump 535. When the air amount is in- 
creased, the catalyzer is cooled by the air, and therefore 
the air may be used for controlling the temperature of 
the catalyzer. 

[0032] Fig. 25 shows the relation between a required 
torque Tv and the engine torque Te. The description will 
be given with respect to an example in which a trans- so 
mission (gearbox) has a five-stage (five-speed) gear ra- 
tio. In a fully-opened condition of the throttle valve, the 
fuel amount is changed. When the required torque Tv is 
small, a 5th speed (5th gear) with a small or low gear 
ratio is selected. When the required torque Tv becomes 55 
larger, the fuel amount is Increased to increase the en- 
gine torque Te. At this time, in order to achieve a stable 
combustion, the fuel amount is within a lean combustion 



limit, and the air/fuel ratio is varied in the range of 30 to 
20 so that the amount of NOx can be kept small. How- 
ever, in view of the cleaning or removing property of the 
NOx catalyzer, the range of the air/fuel ratio may be 
changed. Also, if the stable combustion limit allows the 
air/fuel ratio to be further increased, the air/fuel ratio 
may be more than 30. A pumping loss is reduced when 
the operation is effected with a large air/fuel ratio, and 
the fuel consumption is enhanced. When the required 
torque Tv becomes further larger, the gear ratio is in- 
creased into a 4th speed. At this time, if the gear is 
changed with the air/fuel ratio kept at 20, the drive torque 
becomes excessive, so that a step develops in the 
torque, thereby adversely affecting the drivability. 
Therefore, the fuel amount is reduced to decrease the 
torque to be produced, thereby preventing a stepwise 
change in the drive torque. Similarly, as the required 
torque is increasing, the gear is sequentially changed. 
The drive torque can be obtained in the following: 

(Drive torque) = (Engine torque) x (Gear ratio) 

[0033] Namely, the larger the gear ratio becomes, the 
larger the drive torque becomes. If the air/fuel ratio 
range of between 20 and 30 is fixedly selected, the gear 
ratio is selected so that a torque step will not develop. 
Assuming that the air/fuel ratio is 20 at a 1st speed, 
when a larger torque than that is required, the air/fuel 
ratio is further decreased. The required torque Tv is de- 
termined, for example, by the degree of opening of an 
accelerator. When the accelerator opening degree is 
large, the required torque Tv. is large. 
[0034] Fig. 26 shows the relation between the degree 
6 of opening of the throttle valve and the required torque 
Tv. When the required torque Tv is small, the throttle 
valve opening degree G is decreased to reduce the en- 
gine torque. When the required torque becomes larger, 
the throttle valve opening degree G is fully increased, 
and the gear ratio is sequentially changed. At the 1st 
speed, the air/fuel ratio is skipped in view of the amount 
of production of NOx, so that a torque step develops. 
Therefore, the throttle valve opening is controlled in a 
closing direction so as to minimize a torque step. The 
throttle valve opening degree is controlled by a motor or 
the like. Since the control of the throttle valve can be 
made only in the closing direction of the valve, the en- 
gine torque will not increase against the driver's will. It 
is preferred that the throttle valve be fully opened, but if 
the operation can be effected in the fully-opened condi- 
tion because of the performance of the engine, the op- 
eration is effected, with the throttle valve opened as 
much as possible. 

[0035] Fig. 27 shows the relation between the re- 
quired torque Tv and the gear position V for the vehicle 
speed. The gear position V is changed in accordance 
with the vehicle speed. The gear position V is increased 
with the increase of the vehicle speed. When the gear 
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position V is decreased, the drive torque can be in- 
creased. The description will be given with respect to an 
example in which the vehicle speed is increased from a 
low speed, with the throttle valve fully opened. When the 
vehicle speed increases from the 1st speed (1st gear) 
to the lower limit of the 2nd speed, the air/fuel ratio is 
changed from 30 to 20, thereby minimizing or avoiding 
a torque step. As the required torque decreases, the air/ 
fuel ratio is changed from 20 to 30. When the vehicle 
speed further increases, the gear is changed to the 3rd 
speed, and at this time the air/fuel ratio is changed to 
20, thereby avoiding a torque step. A similar operation 
is repeated until the 5th speed. When the required 
torque is to be changed at the 1st speed, the air/fuel 
ratio is brought into 30 in the fully-opened condition of 
the throttle valve. When the torque need to be further 
increased, the fuel amount is increased to change the 
air/fuel ratio to 20. When the torque is small, the throttle 
valve opening degree is reduced to decrease the air 
amount. When the air/fuel ratio is constant, the fuel 
amount decreases with the decrease of the air amount, 
so that the torque is reduced. When the required torque 
is small, but is larger than that of the lower limit vehicle 
speed of the 5th speed, the 5th speed is selected. When 
the vehicle speed is made lower than the lower limit ve- 
hicle speed of the 5th speed, the engine speed becomes 
too low. When at the 5th speed in the fully-opened con- 
dition, a larger torque is required than that obtained with 
the air/fuel ratio of 20, the 4th speed is selected if the 
vehicle speed is higher than the lower limit of the 4th 
speed. At this time, the air/fuel ratio is changed to 30, 
thereby avoiding a torque step. When at the 4th speed 
in the fully-opened condition, the torque is to be made 
smaller than that obtained with the air/fuel ratio of 30, 
the throttle valve is closed. Similarly, when the required 
torque is to be increased, the gear is changed to the 3rd 
speed. The torque is controlled by sequentially chang- 
ing the gear to the 1st speed in a similar manner. 
[0036] Fig. 28 shows the relation between the vehicle 
speed lower than the lower limit vehicle speed of the 1st 
speed and the engine torque Te at an outlet of a torque 
converter. Below the lower limit vehicle speed, when the 
transmission (gearbox) is kept in an engaged condition, 
the engine speed becomes too low, and in an extreme 
case, the engine is stopped. In such a speed region, a 
so-called lock-up (by which the transmission and the en- 
gine are directly connected together) is released, and 
the transmission is connected to the engine through the 
torque converter. When the vehicle speed decreases, 
there develops a slip region where there is a difference 
in rotational speed between the inlet and outlet of the 
torque converter. In the slip region, the torque is in- 
creased, and the engine torque at the outlet of the torque 
converter is increased. The engine torque can be 
changed by the air/fuel ratio. When the engine torque 
is, for example, not higher than 800 rpm, the lock-up is 
released. However, if the torque converter involves a 
slip, the torque converter produces a loss of transmis- 



sion of the energy, so that the fuel consumption is wors- 
ened. 

[0037] Fig, 29 shows a flow chart of the control of the 
transmission and the engine. The engine speed is cal- 
5 culatedfrom the accelerator opening degree and the ve- 
hicle speed where number of gear shift positions r = 5. 
When the engine speed is, for example, not more than 
800 rpm, the gear position is shifted down by one speed 
(one gear) so that the engine speed will not be below 
10 800 rpm. In the flow chart, although the gear position is 
sequentially shifted down, the gear position may be de- 
termined in accordance with the minimum allowable en- 
gine speed and the vehicle speed. If the gear position 
is larger than the 1st speed (1st gear), the lock-up is 
*5 effected. When the gear position is the 1st speed, the 
gear position can not be shifted down any further even 
if the engine speed is lower than the minimum allowable 
engine speed, and therefore the lock-up is released. Af- 
ter the gear position is determined, the required engine 
20 torque (required torque) for the drive torque required by 
the driver is calculated. The fuel amount is calculated 
from the required torque, and the air/fuel ratio when fully 
opening the throttle valve is calculated. If the air/fuel ra- 
tio is not less than 30, the combustion becomes unsta- 
25 ble, and therefore the throttle valve opening degree is 
so determined by calculation that the air/fuel ratio be- 
comes 30, The associated actuators (the fuel injection 
valve, the throttle valve and the transmission) are so 
controlled that the fuel amount, throttle valve opening 
30 degree and gear position thus determined can be ob- 
tained. On the other hand, if the air/fuel ratio is not more 
than 20, the gear position is determined as (r - 1), and 
the engine speed is calculated again. At this time, the 
fuel amount is controlled not to produce a drive torque 
35 step. Also, when the gear position is the 1st speed (1st 
gear), the gear position can not be shifted down any fur- 
ther, and therefore the air/fuel ratio is changed from 12 
to 15. Since the air/fuel ratio is skipped at this time so 
as to reduce the amount of discharge of NOx, the throttle 
40 valve opening degree is so determined by calculation 
that a drive torque step will not develop, and the actua- 
tors are controlled. 

[0038] Fig. 30 shows the relation between the accel- 
erator opening degree and the required drive torque. As 

45 the accelerator opening degree decreases, the required 
drive torque is decreased. At the same accelerator 
opening degree, the required drive torque is decreased 
as the vehicle speed increases. Thatthe required torque 
can have a negative value means an engine brake. At 

50 the same accelerator opening degree, the higher the ve- 
hicle speed is, the more effectively the engine brake 
acts. 

[0039] The required drive torque is determined for the 
accelerator opening degree and the vehicle speed, as 
55 shown in Fig. 31 . These values are stored as a map in 
a memory of a computer for control purposes. For ex- 
ample, the accelerator opening degree, as well as the 
vehicle speed, is divided into 1 6, and 256 values of the 
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required drive torque are stored. 
[0040] Fig. 32 shows the relation between the engine 
speed and the engine torque. At the same engine 
speed, the larger the throttle valve opening degree is, 
the larger the torque is. By controlling the throttle valve 
opening degree, the engine torque can be controlled. 
Also, since the engine torque varies depending on the 
air/fuel ratio, the torque is controlled by changing the 
throttle valve opening degree and the fuel amount. 
[0041] As to other advantageous effects of the 
present invention, the amount of the intake air is larger 
when using supercharging than when not using the su- 
percharging, and the engine torque increases as shown 
in Fig. 33. If an exhaust turbo charger is used as the 
supercharging means, regardless of the driver's will, the 
torque characteristics with the supercharging are repre- 
sented by a curve (a) while the torque characteristics 
without the supercharging are represented by a curve 
(b). Therefore, the engine output or power is abruptly 
increased when effecting the acceleration, and this 
gives a sense of difference or a feeling of physical dis- 
order. 

[0042] Fig. 34 is a time chart showing the change of 
the engine torque and the throttle valve opening degree 
with time. When an accelerator pedal is pressed down, 
the amount of the air is increased, so that the fuel injec- 
tion amount is increased. When the supercharging is ef- 
fected, the air amount is abruptly increased, the torque 
is increased as shown by (b) of Fig. 34 regardless of the 
driver's will, and this gives the sense of difference. When 
the supercharging is not effected, the time-dependent 
change of the engine torque with respect to a time-de- 
pendent change of the throttle valve opening degree is 
represented by (a) in Fig. 34. Thus, a certain period of 
time is required because of the inertia force before the 
speed by the supercharging becomes high, and there- 
fore the supercharging becomes effective halfway dur- 
ing the acceleration. 

[0043] Fig, 35 shows a control block diagram in which 
the acceleration of the vehicle body is detected by an 
acceleration sensor, and if a desired drive torque is not 
obtained, the gear ratio (transmission ratio) of the en- 
gine is changed. 

[0044] Fig. 36 shows the change of the fuel amount 
and the vehicle body acceleration with time. In order to 
determine the target acceleration for the accelerator 
opening degree as shown in this Figure, the fuel amount 
is increased to increase the engine torque. In the injec- 
tion within a cylinder, the fuel can be injected directly 
into the cylinder, and therefore the fuel will not deposit 
on an intake manifold and the like, and the torque can 
be controlled with a good response. The acceleration is 
detected, and the fuel amount is so controlled that the 
target acceleration can be achieved. 
[0045] Fig. 37 shows the change of the intake air 
amount, the fuel amount and the vehicle body acceler- 
ation with time. In order to determine the target acceler- 
ation for the accelerator opening degree as shown in 



this Figure, the fuel amount and the intake air amount 
are increased to increase the engine torque. The intake 
air amount is controlled by the throttle valve opening de- 
gree, but a delay occurs due to a volume of an intake 

5 manifold, so that the torque can not be controlled in a 
good response. Therefore, a large change of the engine 
torque is controlled by the air amount, and the control 
for small variations is effected by the fuel amount. In 
such a control, the range of change of the air/fuel ratio 

10 can be narrowed, and also the engine torque can be 
controlled over a wide range. 

[0046] In the present invention, si nee the throttle valve 
full-open region is much used, the engine brake is less 
liable to act effectively at the time of the deceleration. 
15 Therefore, at the time of the deceleration, the electric 
charger is operated, thereby effecting an electric charg- 
ing control. By doing so, the engine brake is achieved 
at the time of the deceleration, and also the energy at 
the time of the deceleration can be recovered. With re- 
spect to the decelerated condition, for example, when 
an injection pulse Tp is not greater than a predetermined 
value Tpc, the throttle valve opening degree is not great- 
er than a predetermined value, and the engine speed 
Ne is not less than a predetermined value, it is judged 
that the deceleration occurs, and the electric charging 
operation is effected. Also, when the accelerator open- 
ing degree is not lower than a predetermined value, the 
charging operation is effected regardless of whether or 
not the injection pulse is below the predetermined value. 
During the charging operation, the charging target volt- 
age is increased to increase a charging load. Other load 
such as a fuel heater may be used as the charging load. 
When the throttle valve is used, the throttle valve is 
closed during the deceleration. 
[0047] In the present invention, the combustion time 
is shortened, the knocking is prevented, the compres- 
sion ratio of the engine is increased, the heat efficiency 
is enhanced, and the fuel consumption is enhanced. 
The production of unburned hydrocarbon can be pre- 
vented by the stratified intake. The response to the fuel 
is enhanced by the fuel injection within the cylinder. 
Without increasing the pumping loss, the engine output 
or power can be controlled in a good response, thereby 
enhancing the drivability. 



Claims 

1. A spark-ignition internal combustion engine com- 
prising: 

a combustion chamber; 

a fuel injection means (13) for injecting fuel; 

an air amount control means (28) for controlling 

Intake air amount into a combustion chamber 

(7); 

an ignition means (14) for igniting the mixture 
of air and fuel in said combustion chamber (7); 
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and valve (22) is controlled while keeping the air/fuel ra- 

an engine controlling means (5) coupled to said tio generally constant, and when the engine torque 

fuel injection means (13), said air amount con- is larger than said predetermined value, the air/fuel 

trol means (28) and said ignition means (14), ratio is controlled to vary, 

respectively, s 

wherein said engine controlling means (5) has 9. Method of controlling an internal combustion en- 

a first control mode in which an engine torque gine, wherein said engine controlling means (5) has 

is changed when an air/fuel ratio is varied and said first control mode in which an engine torque is 

a second control mode in which the engine changed when said air/fuel ratio is varied and a third 

torque is changed by controlling a throttle valve io control mode in which the engine torque is changed 

(22) while maintaining a substantially fixed air/ while maintaining a substantially fixed air/fuel ratio, 

fuel ratio, the engine torque in the second con- and the engine torque in the first control mode is 

trol mode is smaller than a predetermined value smaller than that in the third control mode, 
and the engine torque in the first mode is larger 

than said predetermined value. 15 10. A method of controlling an internal combustion en- 
gine according to claim 8 or 9, wherein said fuel in- 

2. A spark-ignition internal combustion engine accord- jection means (13) injects fuel directly into a com- 
ing to claim 1, wherein said engine controlling bustion chamber (7). 

means (5) has said first control mode in which an 

engine torque is changed when said air/fuel ratio is 20 1 1 . a method of controlling an internal combustion en- 
varied and a third control mode in which the engine gine according to at least one of claims 8 to 10, 
torque is changed while maintaining a substantially wherein when said engine torque is large, the air/ 
fixed air/fuel ratio, and the engine torque in the first fuel ratio is controlled to vary within range to control 
control mode is smaller than that in the third control engine torque, 
mode. 25 

12. A method of controlling an internal combustion en- 

3. A spark-ignition internal combustion engine accord- gine according to at least one of claims 8 to 11 , 
ing to claim 1 or 2, wherein an injection port of said wherein when said engine torque is large, the air/ 
fuel injection means (13) is disposed at the inside fuel ratio is controlled to vary within range greater 
of said combustion chamber (7). 30 than a stoichiometric ratio to control engine torque. 



4. A spark-ignition internal combustion engine accord- 
ing to at least one of claims 1 to 3, wherein an en- 
gine torque is controlled by varying said air/fuel ratio 

in said first control mode. 35 

5. A spark-ignition internal combustion engine accord- 
ing to at least one of claims 1 to 4, wherein an en- 
gine torque is controlled by varying an air/fuel ratio 
within a range greater than a stoichiometric ratio to 40 
control engine torque in a first control mode. 



13. A method of controlling an internal combustion en- 
gine according to at least one of claims 8 to 12, 
wherein the air/fuel ratio is controlled to keep the 
amount of NOx provided by combustion small. 

14. A method of controlling an internal combustion en- 
gine according to at least one of claims 8 to 13, 
wherein the air/fuel ratio is controlled to skip the air/ 
fuel ratio between 15 and 18. 



6. A spark-ignition internal combustion engine accord- 
ing to at least one of claims 1 to 5, wherein the first 
and second control modes are selected to keep the 45 
amount of NOx provided by combustion small. 



7. A spark-ignition internal combustion engine accord- 
ing to claim 6, wherein said engine controller oper- 
ates so that an air/fuel ratio of 18 to 15 is skipped, so 

8. A method of controlling an internal combustion en- 
gine, comprising: 

controlling an air/fuel ratio by controlling at least one 
of an amount of fuel injected from a fuel injection 55 
means (13) and an amount of air controlled by a 
throttle valve (22) such that when an engine torque 
is smaller than a predetermined value, said throttle 
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